Enhancing potato growth and yield attributes via both Boron (Br) and Selenium (Se) is a great potential nowadays. Therefore, the present investigation was done to study the effe ct of Boron and Selenium singly or in combination as foliar application on plant growth, yield and quality of two potato cultivars 'Lady Rosetta and Caruso' during both seasons of 2016/2017 and 2017/2018. The experimental layout was split plots system in a randomized complete blocks design with three replications. Cultivars were arranged as the main plots and concentrations of Boron and Selenium singly or in combination were assigned as sub-plots. Boron was sprayed in three concentrations 0, 50, and 100 mg/l whereas Selenium was used at 0, 5, and 10 mg/l concentrations twice at 55 and 70 days after planting. The study indicated that plant growth and yield of potato plants were significantly enhanced by Boron and Selenium treatments. Plant height, tuber dry weight, number of tubers/plant, tuber yield/plant, tuber yield/feddan, tuber TSS %, ascorbic acid, tubers sugars (i.e. starch, reducing, non-reducing and total sugars), leaf total chlorophyll, leaf and tubers contents of N, P, K, Br and Se of both potato cultivars ' Lady Rosetta and Caruso' were significantly enhanced by Boron (100 mg/l) combined with Selenium (5 mg/l) foliar application at 55 and 70 days after planting during both seasons of the study.
INTRODUCTION
Potato (Solanum tuberosum L.) belongs to the family Solanaceae is an important vegetable crop prevailing across the world with large scale production, consumption, and affordability with easy market availability. It is one of the most financially rewarding and profitable crops for the farmers due to its higher yield potential within a short time span (Sati et al., 2017) . Egypt is one of the fresh potato exporters worldwide and produced 4,611,000 tons in 2014 (Agriculture and AgriFood Canada, 2017) . Potato is used as vegetable, stock feed, and in industries for manufacturing starch, alcoholic beverages, and other processed products. The wide flexibility in planting and harvesting dates makes potato most suitable for intensive cropping system. As a short duration crop, potato is highly responsive to high inputs and capable of producing high yield under wide range of climatic and soil conditions. Boron (Br) plays an important role in cell wall synthesis, cell division, cell development, auxin metabolism, good pollination and fruit set, seed development, sugar transport, synthesis of amino acids and proteins, nodule formation in legumes and regulation of carbohydrate metabolism (Jafari-Jood et al., 2013) . In the case of root crops such as potato and sugar beet where translocation of photosynthates from source to sink is needed for a longer period, a steady and prolonged supply of Boron throughout their growing period may be necessary (Sarkar et al., 2007) . Recently, it was suggested that Boron might improve the overall quality of fresh and minimally processed potato (Ierna et al., 2017; Sarkar et al., 2018; Singh et al., 2018) . El-Banna and Abd El-Salam (2005) showed that treated potato plants with different foliar spraying rates of Br (50 and 75 ppm) or/plus molybdenum (25 and 50 ppm) twice at 60 and 75 days after planting. They reported that foliar spraying of potato plants with Br at 75 ppm + Mo at 50 ppm) significantly increased plant height, number of stems/plant, leaf area, number of tuber/plant, fresh weight of vegetative growth, total tuber yield, dry matter %, recorded the highest concentrations of N, K and Br in plants. Also, El-Dissoky and Abdel-Kadar (2013) reported that that foliar spray of Br levels up to 60 mg/l, significantly, affected potato growth parameters (i.e. plant height, No. of leaves/plant, fresh weight of plant, dry weight of plant and leaf area). Also, total tuber yield, dry shoot yield and average weight of tubers, significantly, increased by Br foliar application. Quality of potato tuber parameters (i.e. dry matter, protein and starch percentage) significantly increased with foliar Br application, also the uptake of N, P, and K significantly increased by foliar Br application. Potato variety 'Valor' appeared superiority in plant growth, total tuber yield, dry shoot yield and total NPK uptake compare to 'Spunta' variety. However, the increment of P uptake, Br concentration, tuber dry matter %, protein % and starch % was not significant. Jafari-Jood et al. (2013) illustrated that spraying of boron significantly improved growth parameters of potato plants (plant height, leaves per plant and shoot weight) as compared with control, furthermore combined application of boron and manganese improved the growth trails of potato plants more than which recorded by single application of boron or manganese.
Selenium (Se) is an essential trace element for many organisms and has an affect on plant, human, and animal health. However, it has not been demonstrated to be required by higher plants (Li et al., 2008; FairweatherTait et al., 2011; Chilimba et al., 2012) . The Se in humans is mainly derived from diets. Nevertheless, Se deficiency in soils is overall distributed around the world (Cartes et al., 2011) , which directly affects plant Se contents. Hence, increasing Se content in crops and vegetables to overcame or control deficiency in human diets and its threating human health risks (Schrauzer and Meginness, 1978) . In recent years, some reports were published about increasing Se content in crops and vegetables to meet people's demand for selenium (Chilimba et al., 2012; Ducsay and Ložek, 2006; Xia et al., 2012) . Researchers have identified that appropriate Selenium supply could not only increase Se content in plants but also promote growth and development and increase resistance and antioxidant capacity of plants exposed to abiotic stressful environment, such as drought, salt, ultraviolet, and cold stresses (Hartikainen and Xue, 1999; Djanaguiraman et al., 2005; Kong et al., 2005; Hawrylak-Nowak et al., 2010; Yao et al., 2010) . The main reason is that Se is an essential component of several proteins such as the antioxidant enzyme glutathione peroxidase (GSH-Px), which can effectively remove oxygen free radicals (Hartikainen et al., 2000; Ríos et al., 2009) . Supplementation of fertilizers with Se stimulates the plant yield (Hartikainen, 2005) . Yassen et al. (2011) demonstrated that Selenium foliar application at 20 and 40 g/fed. promoted plant growth, tuber yield and quality over the control treatments.
This study was conducted to investigate the effect of foliar application with Boron and Selenium on growth, yield and quality of two processing potato cultivars 'Lady Rosetta and Caruso'.
MATERIALS AND METHODS

Experimental sites and arrangement:
Two field experiments were done during the winter potato growing seasons of 2016/2017 and 2017/2018 in the farm of Chipsy Egypt Co. for Food Industries at the Nubaria region -the east of 71 Km, Alex -Cairo Desert Road, Beheira Governorate, Egypt. Before planting, random soil samples of 0-30 cm depth from different places of the planting field were collected and analyzed for some important chemical and physical properties as given in Table ( 1) according to Wilde et al., 1985. 
Potato cultivation
Locally produced certified potato seed tubers of 'Lady Rosetta and Caruso' cultivars were tested. Planting took place on October 1 st of both seasons in a wet soil using whole seed tubers.
The experimental treatments and design
Treatments consisted of two factors i.e. two potato cultivars (Lady Rosetta and Caruso) and three Boron concentrations i.e. control, 50, and 100 mg/l with three concentrations of selenium i.e. control, 5, and 10 mg/l singly or in combinations as a foliar application. Control plants were sprayed with distilled water. Boron was applied as boric acid and Selenium as sodium selenite (Na 2 SeO 3 ) and were purchased from El-Gomhouria Co. for Trading Chemicals and Medical Appliances, Alexandria, Egypt. The experimental layout was split plots system in a randomized complete blocks design with three replications. Cultivars were arranged as the main plots and Boron; Selenium concentration were assigned as sub-plots. Each sub plot consisted of two ridges; each ridge was 12.00 m length and 0.80 m widthand 0.25 m between plants at the same row. The area of the smallest experimental unit was 19.20 square meters. Potato plants were sprayed with the assigned treatments twice during the growing seasons at 55 days after planting and after 70 days after plantation. The recommended agricultural practices for commercial production were followed. Harvesting was accomplished after 120 days of planting during both years. 
Experimental data collections
Ten plants from each treatment in each replication were randomly selected and tagged for records on growth and total yield as well tuber quality parameters.
Vegetative growth:
Number of main stems per hill was determined after 85 days of planting, using the average number of main branches of 10 plants. Plant height (cm) was recorded in centimeter units, from the base to the terminal growing point of tagged plants after 85 days from planting date using a meter scale.
Yield and its component measurements:
Number of tubers per plant was determined just after harvesting time (120 days of planting) using the average number of tubers of 10 plants.
Average tuber fresh weight (g) was determined immediately after harvesting, by dividing the weight of tuber by tuber number of 10 plants.
Tuber dry weight random tuber samples of 100 g of fresh weight were dried in an electrical oven at 70˚C till the constant weight, then the obtained value of tuber dry weight was calculated in (g/plant).
Average tuber yield per plant (g) was calculated using the average tuber weight of 10 plants. Total tuber yield per feddan (ton): was calculated by weighting the yield of the plot, then converted into tons per feddan.
Tuber quality:
Specific gravity was determined using the method described by Dinesh et al. (2005) :
Total soluble solids content (TSS %) was estimated in the juice of the fresh tubers using a hand refractometer according to AOAC (1992) . Ascorbic acid content (mg/l00g f.w.) was determined by the procedure given by Krik and Sawyer (1991) . Starch, reducing, non-reducing and total sugars (% d.w.) were determined for each tuber sample according to the method described by Malik and Singh (1980) .
Plant chemical composition:
Total leaf chlorophyll content (mg/100g f.w.) was determined in the fourth top leaf (75 days after planting) according to the method of Moran and Porath (1980) . Leaves and tubers , Br, Se, N, P, and K contents were determined as follows: leaves chemical contents were determined at 85 days after planting in the fourth top leaves of 10 random plants per plot, meanwhile tuber chemical composition was determined at harvesting period (120 days of planting). The collected samples were washed with tap water, followed by distilled water, then located in the oven to dry at 85 o C to constant weight, thereafter ground in a mill and stored for the elemental analysis. Powder of plant materials were wet digested with H 2 SO 4 -H 2 O 2 digest (Lowther, 1980) for the following determinations. The Boron concentration was determined colorimetric by Azomethine-H method at spectrophotometer at wave length 420 nm (Wolf, 1971) . The concentrations of Se were analyzed by electrothermal atomic absorption spectrometery, Perkin elmer Model 5100 as described by Kumpulainen et al. (1983) . The N content was determined colorimetrically according to Chapman and Pratt (1978) . The P content was determined in digested samples colorimetrically as described by Singh et al. (2005) . The K content was measured using flame photometer method of Jackson (1973) .
Statistical Analysis :
All obtained data of the present study were statistically analyzed according to the design used by the MSTAT-C computer software program (Bricker, 1991) and were tested by analysis of variance. The Duncan s multiple range test at 0.05 level of probability was used to compare the differences among the means of the various treatment combinations as illustrated by Duncan (1955) and Gomez and Gomez (1984) .
RESULTS AND DISCUSSION
Vegetative growth
As for the main effect of potato cultivars, average values listed in Table ( 2) indicated that insignificant differences in no. of stems/hill and plant height were noted between the two studied potato cultivars, Lady Rosetta and Caruso, during both seasons.
In terms of the main effect of foliar application with Boron and Selenium the postulated results showed clearly that applied various concentrations exhibit insignificant (p≤0.05) effect on no. stem/hill during both seasons.
Nevertheless, plant height trait affected significantly due to foliar application of Br and Se, especially at 100 mg/l Br plus 5 mg/l Se, where recorded the highest average values, i.e., the tallest plants compare to the control which recorded the shortest one. The other treatments achieved an intermediate average value. The obtained results are in parallel, more or less, with those recorded by Bari et al. (2001) , Boghdady et al. (2017) , Muthanna et al. (2017) and Shedeed et al. (2018) . Plant height increment could be accounted for the mode of action of Br and Se physiological promotive effects which enhance plant photosynthetic activity and concomitant vigour plant growth (Nowak et al., 2010; Chu et al; Yao et al., 2010) . Also, Br roles in cell wall synthesis, cell division, cell development, auxin metabolism (Jafari-Jood et al. (2013) . Also, the results showed that potato plant height decreased when Se concentration increased up to 10 mg/l plus 100 mg/l Br. This finding is in agreement with Barbara Hawrylak-Nowak (2008) who revealed that disturbances of growth and reduction of plant's biomass at the presence of high selenium concentrations in the nutrient solution may have resulted from the disturbance of mineral balance of plants.
Concerning the interaction effects, the obtained results showed that the highest plants
, average values were due to the combination of Br at 100 mg/l + Se at 5 mg/l for both cultivars, while no differences were noted for the interaction effect of the studied treatments regarding no. of stems/hill, generally.
Yield characteristics
Pertaining the main effect of cultivars, the gained results tabulated in Table ( 3) illustrated that during both growing seasons, 'Caruso' cultivar produced more tubers/plant, yield/plant, and yield/feddan. Whereas, 'Lady Rosetta' cv., produced the heaviest tuber fresh weight (g) and tuber dry weight (g/plant).
These differences between varieties may be return to genotypic effect of the given variety and characteristics of all variety and elements requirements of all variety that appear these differences.
In relation to the main effect of Boron and Selenium application, the given results declared, generally, that the combination of 100 mg/l Br plus 5 mg/l Se produced the highest significant values for number of tubers/plant, tuber dry weight (g/plant), total yield/plant (g), and total yield/feddan (ton) during both seasons as compared with the other treatments. This effect correlated with the same response in plant growth parameters that may be return to low concentration of Br availability and low organic matter % in soil before planting as shown in Table ( 1), in addition to the important roles of Br and Se in plant. Also, increased yield of Se treated plants suggested that Se may enhance the translocation of photo assimilates for tuber growth, acting as a strong sink for both Se and for carbohydrates. The positive impact of Se on the yield of potato plants could be related to its antioxidative effect in delaying senescence. However, when concentration of Se increased up to 10 mg/l with 100 mg/l Br the abovementioned traits decreased, this finding could be confirming the fact that selenium interaction with plants depends on its concentration. At lower rates, selenium stimulated growth of ryegrass seedlings, while at high doses it acted as prooxidant reducing yields and inducing metabolic disturbances (Hartikainen et al., 2000) . Lei et al. (2014) . They reported that Br or Se foliar application, significantly, increased the number of purple potato tubers per plant and the total yield per plant. These findings may suggest an effect of Br and Se on the tuber formation and differentiation.
The interaction effects among potato cultivars, Br and Se foliar application showed that the application of Br at 100 mg/l + Se at 5 mg/l; produced the highest values of no. of tubers/plant, tuber dry weight, total yield/plant and the total yield/feddan for 'Caruso and Lady Rosetta' cultivars during both seasons.
Tuber quality characteristics
Results outline in Table ( 4) exhibited that tubers of the cultivar 'Lady Rosetta' showed higher specific gravity than the cultivar 'Caruso'. However, 'Caruso' tubers had higher values in the TSS and ascorbic acid contents in both seasons.
Respecting the main effect of Boron and Selenium application the obtained results declared that specific gravity, TSS, and ascorbic acid contents were increased during both seasons as compared to control plants. The highest average values were obtained due to foliar application level of 100 mg/l Boron combined with 5 mg/l Selenium. Mondy and Munshi (1993) also reported that Br foliar spray, significantly, improves the tuber's ascorbic acid contents. Since Boron plays an important role in carbohydrates translocation from leaves to other plant parts, higher concentrations of ascorbic acid may have been translocated to the tuber (El-Dissoky and AbdelKadar, 2013).
Concerning the interaction effects, tubers of 'Lady Rosetta' cv., treated with 100 mg/l Br and 5 mg/l Se had the highest specific gravity in both seasons. However, the 'Caruso' tubers cv., treated with the same levels had the highest contents of TSS and ascorbic acid in both seasons. While the lowest average values of TSS and ascorbic acid were obtained from the tubers of control treatment of 'Lady Rosetta' cv. As mentioned by Khan et al. (2010) who reported that potatoes with high specific gravity are preferred for preparation of chips and French fries and potatoes with very high specific gravity (1.10) may not be suitable for French fries production because they become hard or biscuit like products. Cultivar differences in specific gravity are well known (Stevenson et al., 1964) .
However, specific gravity was higher in 'Lady Rosetta' cultivar, which resulted in higher crisp yield and lower oil percentage, which are advantageous to the processing industry (Kumar et al., 2007) . Irene et al. (1964) also reported that cooking quality of potato is influenced by the genetic factors inherent in the variety.
Starch and Sugars
Referring to the potato cultivars main effect, average values depicted in Table ( 5) declare that the 'Lady Rosetta' cultivar had more tuber starch content in the first season only and it had more non-reducing and total sugars during both growing seasons. While 'Caruso' cv., tubers had more starch in the second season and more reducing sugars in both seasons.
Pertaining the main effect of Br and Se concentrations, the results reported that potato plants sprayed at 100 mg/l Br plus 5 mg/l Se, significantly, increased the starch contents in the tubers during both seasons compare to the other concentrations. However, Br and Se treatments were in adverse relationship with reducing, non-reducing, and total sugars characteristics, whereas control treatment showed, significantly, the highest average values during both growing seasons. These effects of Br foliar spray on starch content in the potato tubers may be attributed to role of Br on sugar transport to parts of storage (tubers), also to its role in synthesis of proteins and regulation of carbohydrate metabolism (Mengel et al., 2001) . These results are in accordance with that obtained by Bari et al. (2001) and ElBanna and Abd El-Salsm (2005) .
Regarding the interaction effects, 'Lady Rosetta' cv. treated at 100 mg/l Br + 5 mg/l Se produced the highest average value of tuber starch content during both seasons, while the lowest starch content was obtained from the tubers of 'Caruso' cv., in control treatment In addition, the highest average values for reducing sugars were obtained from Caruso's control treatment, while the highest ones for non-reducing and total sugars were obtained from the tubers of control treatment in 'Lady Rosetta' cv. plants. Olsen et al. (2003) reported that cultivars differ in their starch, sucrose, and reducing sugar accumulation. Mesquita et al. (2007) ) on the yield and tuber quality of two potato cultivars 'Asterix and Monalisa' cvs., grown on two soils, Red Latosol and Cambisol. Asterix cv., showed the highest percentages of starch in tubers on the Red Latosol soil. The reducing sugar content decreased with Boron rates on the Red Latosol soil. Likely, potato cv. 'Desiree', Boron application, also, enhanced the starch content from 10.75 to 13.07% (Khalil et al., 2002) .
Selenium increases carbohydrate or starch accumulation in chloroplasts as reported by several investigators (Malik et al., 2011; Hashem et al., 2013; Hajiboland et al., 2015) .
Leaves chlorophyll and nutrient contents
Results outlined in Table ( 6) exhibited that, during both growing seasons, leaves of cv. 'Caruso' had more total chlorophyll, nitrogen and phosphorus contents. On the other side, Lady Rosetta leaf Br and Se content were higher, significantly, than 'Caruso' cv. leaf content during both seasons. However, 'Caruso' leaf potassium content was, significantly, higher in the first season only. Lady Rosetta leaf potassium content was higher than 'Caruso' leaf content, but the significance level was reached in the second season only.
In terms of the main effect of Boron and Selenium foliar application, levels of 100 mg/l Br plus 5 mg/l Se treatment, significantly, enhanced leaf total chlorophyll, nitrogen, phosphorus, potassium and boron contents during both seasons compare to the other items. While, Br foliar treated at 100 mg/l plus 10 mg/l Se increased, significantly, Selenium leaf content during both seasons.
Boron and Selenium may increase chlorophyll content as this process is stimulated by optimal supplementation with Br and Se during the vegetative growth. On potato, the Br and Se application has been reported to positively influence photosynthesis (Turakainen et al., 2004) . The positive effects of Se concentrations on the photosynthetic process may be explained via the improvement of the cell antioxidant activity at different levels (Schiavon et al., 2017) . The interaction effects show that 'Caruso' cv. leaves treated with 100 mg/l Br + 5 mg/l Se had the highest total chlorophyll contents followed by 50 mg/l Br + 5 mg/l Se. Leaf nitrogen and phosphorus were higher in 'Caruso' cv. treated plants with100 mg/l Br + 5 mg/l Se in the first season, while N and P were higher in 'Lady Rosetta and Caruso' cvs., treated plants with the same levels of Br and Se. Regarding leaf potassium contents, 'Caruso' cv. treated plants with 100 mg/l Br + 5 mg/l Se and 'Lady Rosetta' treated plants with the same levels had the highest K contents in the first season while Lady Rosetta 100 mg/l Br and 5 mg/l Se had the highest level of K in the second season. In terms of leaf Se content the results showed that both cultivars treated with 100 mg/l Br+10 mg/l Se gave, significantly, the highest leaf content during both seasons.
While plants of both cultivars treated with 100 mg/l Br+ 5 mg/l Se brought about highest significant leaf boron contents during both seasons.
Tuber nutrient contents
Results Tabulated in Table ( 7) divulged that Lady Rosetta tubers had higher contents of Boron, Selenium and Potassium during both seasons. However, no significant differences were noted for tuber nitrogen contents. It is noticeable, Lady Rosetta tubers contained higher phosphorus contents in the first season only.
Regarding Boron and Selenium main effect, application of Br at 100 mg/l plus 5 mg/l Se, significantly, increased tuber contents of Boron, Phosphorus, and Potassium during both seasons. On the contrary, the highest tuber nitrogen contents were obtained from the control treatment followed by 10 mg/l Se. In the case of Selenium tuber content, the highest average value was brought about the combination between 100 mg/l Br plus 10 mg/l Se during both seasons.
The increments in the N, P, and K leaves and tubers contents have been reported earlier (El-Dissoky and AbdelKadar, 2013) and can be explained by the findings of Mengel et al. (2001) and Canada (2002) . Mengel et al. (2001) reported such relationship between Br and the synthesis of amino acids and proteins which may affect the demand for N. Meanwhile, Canada (2002) attributed the higher P content to the influence of Br on membranebound ATPase activity. The high K content was explained by Mengel et al. (2001) based on the synergetic relationship between K and Br in the sugar and carbohydrate transport. In addition, Canada (2002) found that heavy K-demanding crops in the bulking stage of production require 60-80 ppm Boron levels in the tissue to take up their demand of potassium. Also, Selenium like heavy metals can modify uptake and accumulation of minerals which are important for plant metabolism (Pazurkiewicz-Kocot et al. 2003) . Our results are in agreement with those of Boghdady et al. (2017) and Shedeed et al. (2018) . In this context, tubers containing high percentages of Br and Se provide a vital elements for human and animal i.e. for synthesis amino acids and proteins which suffice the requirement for nitrogen (Mengel et al., 2001) . Also, Se as a constituent of selenoproteins, i. e., many of which have important functions, including antioxidant protection, energy metabolism and redox regulation during transcription and gene expression (Kong et al., 2005) .
The interaction effects show that the richest tuber in selenium were obtained from 'Lady Rosetta' cv. treated with100 mg/l Br and 10 mg/l Se and 'Caruso' cv. tubers treated with the same levels during both seasons. It is noticeable that cultivar of 'Caruso' tubers in the control treatment had the highest values of nitrogen during both seasons. Lady Rosetta tubers had the highest values of phosphorus due to plant's treatment with 100 mg/l Br and 5 mg/l Se, followed by Caruso , tubers that treated with the same levels in the first season. In the second season, Caruso tubers that treated with 100 mg/l Br and 5 mg/l Se had the highest contents of phosphorus followed by tubers of the same cultivar that treated with 50 mg/l Br and 5 mg/l Se. Tubers of 'Lady Rosetta' cv. that treated with 100 mg/l Br and 5 mg/l Se contained the highest values of potassium contents followed by Caruso tubers of the plants treated with the same level.The interactions among the tested cultivars, Boron, and selenium levels can be explained as a degree of gene expressions of each cultivar to the external factors (Br + Se levels).
Considering the yield, tuber quality and nutrient uptake, it may be concluded that the foliar spray of Boron (100 mg/l) in combination with Selenium (5 mg/l) at 55 and 70 days after planting is beneficial for the processing grade potato cultivars, Caruso and Lady Rosetta, in the sandy soils under the environmental conditions of Nubaria region, Behiera Governorate and other similar regions.
